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All genetic stocks and sequence data are available on request. Sequence data for this 173 study were deposited in DDBJ (DDBJ accession number XXXXX).
in Hokkaido, Japan, and consequently have photoperiod-insensitive, short DTH and are 179 cold-resistant (ISHIGURO et al. 2014; OTA et al. 2014) . There was no significant DTH 180 difference between these two varieties (t-test: A58, 81.2 ± 0.38; Kitaake, 80.5 ± 0.66; P 181 = 0.19) ( Figure 1A ). DTH of these F2 plants were widely distributed from 69 to 87 days 182 ( Figure 1A ), and the earliest plant DTH was equivalent to that of an extreme 183 early-heading variety ( Figure 1A ).
185
The transgressive index of the A58 × Kitaake progenies was 25.7 ( Figure 1A ). In the six 186 crosses between A58 and the other varieties that were more genetically distant from 187 A58 than Kitaake (OTA et al. 2014) , the transgressive indexes ranged from 0.91 to 2.12 188 ( Figure 1B ). The transgressive index of DTH indicated that the DTH of A58 × Kitaake 189 F2 plants exceeded DTH of either parent, but such a strong transgressive segregation 190 was not observed in the previously published crosses.
192
The DTH distribution in the A58 × Kitaake-derived F3 populations was similar to that 193 of the F2 population ( Figure S2 AND SEKIGUCHI 2005b; NONOUE et al. 2008; FUJINO et al. 207 2013; KOO et al. 2013) . To confirm whether these four loci are related to the DTH 208 differences observed in the A58 × Kitaake F2 population, we compared nucleotide 209 sequences of these loci (Figure 3 ). Sequence analysis of Hd1 showed the presence of 210 polymorphisms, including a 312-bp insertion/deletion in A58 and Kitaake. This 211 polymorphism in Hd1 might have produced the DTH differences observed in the F2 population. In contrast to Hd1, no polymorphisms were detected in the other three loci
213
(E1/Hd4/Ghd7, Hd2/OsPRR37, and Hd5/DTH8) in A58 and Kitaake (Figure 3 ).
215
In terms of the effect of the Hd1 locus on the A58 × Kitaake F2 population, the average 216 DTH in A58-type homozygous, heterozygous, and Kitaake-homozygous populations 217 were 81.3 ± 0.36, 79.5 ± 0.38, and 78.8 ± 0.46, respectively (Table 1) . The results
218
showed that Hd1 had a significant but small effect on DTH in this population (P < 219 0.001), which revealed that the extremely early phenotype of progenies was not fully 220 explainable by only Hd1, and another factor(s) may be involved. Figure S3 ). In the SNP cluster on Ch 10, significant 238 differences in DTH between the two alleles were also observed, although the difference 239 was small in 2016. SNPs on Chs 1 and 6 weakly significantly differed between the two 240 alleles that were only observed in 2015. Among the five clusters, the weakest effect was 241 detected in the Ch 2 cluster, which was not significant (P = 0.14), but still clearly 242 discriminated the two alleles by 3 to 4 days. Overall, the order of the five SNP clusters 243 based on additive effects on DTH was: Ch 4 > (Hd1) > 10 > 6 > 1 > 2. The 244 Kitaake-derived alleles in the SNPs on Chs 4, 10, and 6 produced shorter DTH than the 245 A58-derived alleles; alternatively, the A58-derived alleles on Chs 1 and 2 produced 246 shorter DTH than the Kitaake-derived alleles. Hokkaido (ICHITANI et al. 1997; FUJINO AND SEKIGUCHI 2005b; NONOUE et al. 2008) . In 324 this study, Se1/Hd1 sequences revealed differences between A58 and Kitaake; A58 has 325 insertion/deletion mutations, whereas Kitaake has the functional allele ( Figure 3 ). Both The sequenced positions (based on Nipponbare) were selected using known polymorphisms among varieties in
Hokkaido that were observed in previous studies (ICHITANI et al. 1997; FUJINO AND SEKIGUCHI 2005a; FUJINO AND SEKIGUCHI 2005b; NONOUE et al. 2008; FUJINO et al. 2013; KOO et al. 2013) . Hd1 showed multiple differences between A58 and Kitaake; Kitaake possesses a functional allele that is also found in Nipponbare. In DTH8, a 19-bp segment (indicated by a rectangle) was deleted in most of the other Hokkaido varieties, but not in Nipponbare, A58, and Kitaake, from which we could not detect any polymorphisms. For Ghd7 and OsPRR37, SNPs observed in Nipponbare and the other two varieties are indicated by boxes. The left panel represents the segregation pattern of the F2 population between parent-a and -b with proximal DTH phenotypes due to the similar genotypes with a few differences. Because of differences in a few alleles with minor effects on DTH, the F2 progenies produced transgressive phenotypes. The right panel represents the F2 population produced by parents with distal phenotypes and opposite genotypes shows intermediate segregation between both parents. Most of the F2 progenies with mixed genotypes of the parental alleles did not have DTH phenotypes that exceeded those of the parental phenotypes. There are seven loci involved in DTH, and their effects on DTH are ordered as 1 >>> 7. S and L indicate the effect of an allele at each locus that makes DTH shorter or longer, respectively.
